We previously reported the deleterious effects of acute alcohol intoxication (AAI) on pituitarygonadal and pituitary-adrenal axes hormones in human adolescents. In the present paper we studied the effects of AAI on the growth axis hormones, and the possible contribution of the insulin-glucose axis to the alcohol-induced dysfunction of the growth axis in human adolescents. Blood samples were drawn from adolescents that arrived at the emergency department with evident behavioural symptoms of drunkenness (AAI) or with nil consumption of alcohol (controls [C]). AAI produced in the adolescents of both sexes in our series: a decrease in growth hormone (GH) levels, without significant alteration of either insulin-like growth factor-I (IGF-I) or insulin-like growth factor binding protein-3 (IGFBP3); an increase in plasma glucose and a decrease in insulin in the female adolescents but not in the males. Males and females undergo a significant period of bone growth during adolescence. Growth axis hormones play an important role in the pubertal spurt. Thus, ethanol consumption during adolescence could have long-lasting deleterious effects on this aspect of development. In industrialised countries, around 35% of alcohol drinkers are under 16 years old, therefore the result of this study should be made known to adolescents and the appropriate authorities.
Introduction
Ethanol (EtOH) exerts multiple toxic effects on body growth and metabolism. The deleterious effects of EtOH on the hypothalamic-growth hormone (GH) axis have been well documented in adult humans and animals [1] [2] [3] [4] [5] [6] [7] [8] . EtOH decreases circulating GH as well as episodic GH secretion by the pituitary [9] [10] [11] . EtOH impairs signal transduction in somatotrophs, which ultimately reduces the release of GH [12, 13] . EtOH also reduces GH mRNA [14, 15] and hypothalamic growth hormone releasing hormone (GHRH) levels [16] . In humans, EtOH produces a substantial reduction in nocturnal GH levels [17, 18] and suppresses or does not change the daytime secretion of GH [10, 19, 20] .
The effects of EtOH ingestion on GH secretion in adolescents is of endocrinologic interest because of the significant number of preadolescent and adolescent humans that choose to consume alcoholic beverages [21] . However, to our knowledge there are no studies that demonstrate the effects of EtOH on GH in adolescent humans, possibly because it is difficult to recruit appropriate study subjects. Most studies in human adults involve the controlled ingestion of ethanol, which is ruled out in adolescents on ethical grounds.
Males and females undergo a significant period of bone growth during adolescence, and growth axis hormones play an important role in the pubertal spurt [22, 23] . Adolescent problem drinking is a widespread and growing threat to the health of young people in industrialised countries, where around 35% of alcohol drinkers are under 16 years old [24] .
We recently demonstrated that acute alcohol intoxication (AAI) produces an increase in ACTH and cortisol in adolescent humans of both sexes [25] . The hypersecretion of pituitary adrenal (PA) axis hormones may produce hyperglycemia. An increase in glucose levels decreases GH secretion [26] . Thus, modifications in the insulin-glucose axis may be at least partly implicated in EtOH-induced deleterious effects on the growth axis.
The present study aims to draw to the attention of young people and the relevant authorities the deleterious and probably long-lasting effects of AAI on the growth axis during adolescence. We measured GH, insulin-like growth factor-I (IGF-I), insulin-like growth factor binding protein-3 (IGFBP3), insulin and glucose in adolescent humans of both sexes with AAI.
Methods

Subjects
A total of 30 young adolescents (14 males and 16 females) with AAI aged from 13-17 years were studied. They arrived at the emergency department with evident behavioural symptoms of drunkenness (slurred speech, unstable walking). After remission of symptoms all of them confirmed that they had been drunk on their arrival at the emergency department and most admitted to becoming drunk every weekend. Twenty-one young adolescents (12 males and 12 females) aged from 13 to 17 years whose alcohol consumption was nil were studied as controls (C). The motive for attendance at the emergency department was mild trauma (contusions, sprains) in all cases. In an effort to eliminate factors that may influence GH secretion, we studied subjects of a similar age and controlled the timing of blood extractions. None of the adolescents reported taking any medication at the time. All participants or their parents gave their informed consent to take part in this study, which was carried out in accordance with the Helsinki Declaration. None of the subjects studied had apparent endocrine disorders.
Biochemical assays
Blood samples were drawn from each subject (AAI and C) from 12.00 to 3.00 a.m. For hormone and glucose assays, the serum was frozen at Ϫ 20 Њ C until its analysis. For alcohol determinations, the blood was refrigerated at 4 Њ C until the assays were performed. Insulin was measured by chemiluminescent enzyme immunoassay with an Immunolite Automated Analyzer (Diagnostic Products Corporation Los Angeles, CA). GH was measured by RIA using a Sorin Biomedica Kit (Vercelli, Italy). IGF-1 was determined by radioimmunoassay (RIA) with a Nichols Institute Diagnostic Kit (S Juan de Capistrano, California, USA). IGFBP3 was measured by RIA using a Nichols Institute Diagnostic Kit (S Juan de Capistrano, California, USA). Glucose was determined by the glucose oxidase method using a Hitachi Automatic Analyzer (Boehringer-Mannheim, Germany). Blood alcohol concentrations were determined using gas chromatography with a lead space method.
Statistical analysis
Results are expressed as means Ϯ SE. The Student's "t" test, Welch's "t" test and a non parametric Wilcoxon rank test were used when appropriate to examine statistically significant differences. Linear correlation between the growth axis hormones, and insulin and glucose was studied in males and females. Regression models were constructed with a forward stepwise procedure. Variables were included when p Ͻ 0.05 and excluded when p Ͻ 0.10.
Results
Effects of AAI on the growth axis. Serum GH concentrations decreased significantly in male and female adolescents with AAI versus male and female controls, respectively (Fig. 1 ). There were no differences in serum IGF-I and IGFBP3 concentrations in males and females with AAI compared with male and female controls, respectively (Fig. 2) . Effects of AAI on insulin-glucose axis (Fig. 3) . Insulin levels were significantly lower in females with AAI versus female controls. There were no significant differences in insulin levels between AAI males and male controls. Serum concentrations of glucose were significantly higher in AAI males and females versus male and female controls, respectively. Linear regression analysis. There was no correlation between growth axis hormones, insulin, glucose or PA axis hormones in either males or females.
The mean concentration of alcohol in blood of the adolescents with AAI was 0.8 Ϯ 0.1 gr/L.
Discussion
We studied adolescent males and females with AAI and found them to have diminished circulating GH levels compared with matched controls. The effects of EtOH on GH were evident in single individual blood samples, despite the fact that GH is a very pulsatile hormone and that GH peaks do not occur regularly in humans [26, 27] . To our knowledge, the present study is the first to show an acute inhibitory effect of EtOH on GH in adolescent humans.
The suppression of GH was evident at very low concentrations of alcohol in blood. The ethanol may have caused a long-lasting interference with a cellular mechanism related to GH secretion, as previously reported [17] . We emphasise that the young age of our study population would probably account for the contrast between the evident signs of drunkenness that they displayed and the relatively moderate alcohol concentrations found in their blood.
Our data are consistent with previous reports that EtOH decreases both circulating GH and episodic GH secretion by the pituitary in humans and animals [8, 28, 29] . Our finding that relatively small EtOH doses suppress circulating GH levels was also described in adult human studies carried out in the evening or at night [17, 18] .
EtOH seems to have multiple deleterious effects on the growth axis. EtOH inhibits GH mRNA [15] , GH secretion by somatotrophs [30] , and signal transduction in the pituitary somatotrophs [14] . In addition, EtOH suppresses the GH response to exogenous stimuli such as clonidine [6] , insulin or arginine [31] . A suprapituitary mechanism has also been proposed for the ethanol-induced inhibition of GH, because the GH response to synthetic GHRH is similar in vehicle-and ethanol-treated subjects [32] and because EtOH suppresses GHRH gene expression [13, 15, 16] .
GH secretion is greatly influenced by metabolic events such as changes in the blood glucose levels [26] . An acute rise in blood glucose causes a fall in GH secretion, probably mediated by an increase in somatostatin tone [33] . In the present study we found an increase in glucose levels in both males and females with AAI versus controls. The high values of glucose in blood could contribute to the EtOH-induced decrease in GH secretion.
We found no correlation between GH levels and insulin or glucose levels. This could be due to two causes: 1. The great pulsatility of GH may hamper the finding of a possible correlation; 2. In addition to the possible effects of EtOH on GH secretion through the insulinglucose axis, EtOH decreases GH secretion by exerting a direct effect on the hypophiseal and hypothalamic systems, which control GH release as described above.
The principal target of EtOH is the liver. IGF-1 and IGFBP-3, essential parameters for the study of the growth axis, are mainly produced in the liver [34] , prompting us to determine plasma concentrations of IGF-1 and IGFBP-3 in the present study. The IGF-1 and IGFBP-3 values were not significantly reduced in our adolescents with AAI, despite decreased GH values. These findings contradict most of the published studies in rats, which demonstrated that chronic EtOH treatment reduces plasma concentrations of IGF-1 [13, 16, 35] . A possible explanation for this discrepancy may be the long half-life (12 h) of the 150 KD complex formed by IGF-1, IGFBP-3 and ALS (acid labile subunit) [34] . Situations of acute stress, which our adolescents with AAI may reflect [25] , increase the IGFBP-proteases (BP-Pr) that break the 150 KD complex [36, 37] , reducing the half-life of IGF-1 and IGFBP-3 to 10 and 30 min, respectively [33] . Our data suggest that EtOH does not increase the plasma concentrations of BP-Pr, which may account for the absence of significant changes in the plasma concentrations of IGF-1 or IGFBP-3.
To summarize, we present the first report that AAI in human adolescents of both sexes produces a decrease in circulating GH levels. This suppressant effect occurs with low levels of alcohol in blood, within the range of normal social drinking in our setting. This fact is of endocrinologic and social interest because of the increasing number of preadolescent and adolescent humans who choose to consume alcoholic beverages every week-end. Growth hormones play an important role in long bone growth in adolescent males and females. Significant ethanol consumption during this period could have long-lasting deleterious effects on this aspect of development.
